Pastoral livestock production in Kenya is subject to unpredictable rainfall and drought occurrences. These adverse climatic conditions have led to vulnerable and insecure pastoral livelihoods. Despite the potential to alleviate food insecurity of pastoral communities through continuous provision of milk and other products, the potential of camel milk is yet to be fully explored. This study was carried out to examine the contribution of camel milk to pastoral household food baskets and incomes. A semi-structured questionnaire was used to collect information targeting camel milk producers in Isiolo County, upper eastern region of Kenya. The findings show that camel milk contributes significantly to pastoral households. The contribution of the milk to a household food basket was found to be significantly higher (P ≤ 0.05) during the dry season than in the wet season. Camel milk sales contributed significantly (P ≤ 0.05) to household incomes throughout the year. These results show the role of camel milk as a complementary source of food and income for pastoral households. Therefore, interventions aimed at supporting pastoral households need to consider the promotion of camel milk production and marketing as an option for building pastoralists' resilience against unpredictable weather.
Background
In East Africa, pastoralism makes sustainable use of about 50% of the total land surface (Kratli et al. 2013 ). This sector further contributes significantly to the agricultural GDP of the countries within the region. For instance, in Kenya, Tanzania and Uganda, the sector accounts for 16%, 45% and 32% of GDP, respectively (Behnke 2008) . Pastoralism in Kenya is based on the consumption and sale of livestock and livestock products, mostly from cattle, goats, sheep and camels. The flexibility of this system permits its existence as the only efficient means of exploring available natural resources under ecologically marginal conditions, available technologies and the prevailing economy (Chikamai and Eriksen 2011) .
Pastoral ecosystems in East Africa, Kenya included, are faced with many challenges, chief of them being unpredictable rainfall and drought occurrences (Elhadi et al. 2012) . Climate projections for the ASALs of Kenya may include longer and more frequent dry periods interspersed with intense but shorter and unpredictable periods of rainfall (GoK 2007) . Consequently, such weather patterns are likely to affect resource use patterns and render pastoral households vulnerable to otherwise normal variability. For example, in the Kenyan drylands, droughts have led to massive livestock losses; during the 2011 drought, mortality rates of 40% and 70% were reported for goats and sheep, and cattle, respectively (Serna 2011) . These droughts have consequently weakened the resilience of pastoral production, rendering the pastoralists poor and relief dependent.
Several livelihood options have been proposed and implemented by different development agencies and institutions to enhance resilience of pastoral production systems in Kenya. These are dryland farming, apiculture, intensified investment in animal health, livestock marketing and non-land-based livelihoods (Cooper et al. 2008; Homewood et al. 2009; Elhadi et al. 2012) . Additionally, more pastoralists are opting to adopt camels as a drought-tolerant species. This has mainly been driven by market demand for camel products as well as camels' abilities to tolerate climatic extremes (Zeng and Edwards 2010) . Despite the abilities to support pastoral livelihoods under harsh climatic conditions, camels have received little attention in comparison to other livestock species in the field of scientific research and development in Kenya.
In spite of the opportunities that camel production has shown as a potential pathway to a resilient pastoral production system through milk production and rangeland improvement, few studies in Kenya have provided an indepth assessment of the role of camel milk in pastoral livelihoods. Therefore, this study was conducted to determine the contribution of camel milk to the pastoral household food basket and incomes in the drylands of Kenya, taking Isiolo County as a case study.
Study area
This study was conducted in Isiolo County, located in the upper eastern region of Kenya and covering approximately 25,000 km 2 . The altitude ranges from 200 to 300 m above sea level (Noor et al. 2012 ). The area borders Marsabit County to the north, Wajir and Garissa Counties to the east, Tana River and Meru Counties to the south, and Samburu and Laikipia Counties to the west. The county is classified as arid and semi-arid with low, bimodal and erratic rainfall of 350 and 600 mm per year (Herlocker et al. 1993) . The rainy seasons are the long rains which last for three months starting from mid-March and contribute to about 40% of the total precipitation, and the short rains lasting for two to three months, usually starting in October. The county is hot throughout the year with mean annual temperatures ranging between 24°C and 30°C (Jaetzold and Schmidt 1983) . The erratic rains and droughts are devastating and lead to loss of livestock and human lives (GoK 1997) . The poverty level in the area, measured using 2 US dollars as the poverty line, is estimated at 70% (Kamunyan et al. 2013) . The main livelihood is pastoralism, complemented with off-farm activities such as firewood collection, charcoal burning and casual labour. The main livestock species kept are cattle, goats, sheep and camels. It is estimated that Isiolo County has about 40,300 camels mostly owned by Somali and Borana communities, with a daily milk production of about 50,000 L. The Somali camel breed is dominant in the county. About 87.5% of the produced camel milk is consumed either at the local trading centres or for subsistence at the household level (Musinga et al. 2008) .
Study population
The sample population consisted of Somali and Borana pastoral households located in Isiolo Central sub-county and Kina sub-county, respectively. Communities in Isiolo County are known to keep cattle, goats and sheep as the main livestock species that constitute their mobile herds. The Somali communities are known to be traditional camel keepers and were the first to introduce the species in Isiolo County from the neighbouring Counties of Wajir and Garissa. The Borana, on the other hand, are traditional cattle keepers and just recently diversified into camel rearing as a response to frequent droughts and other calamities (Kagunyu and Wanjohi 2014) . Despite the acceptance of camels as part of the mobile herd among the Borana community, the adoption rate of camel rearing is relatively low (Noor et al. 2013) .
Methods

Data collection
A multistage sampling procedure was used to collect primary data from camel milk producers in the study area. The sampling procedure involved data collection at three main levels. The first level was Isiolo County, which was purposively selected based on its high share in the national camel milk production and marketing in Kenya (Noor et al. 2012) . Secondly, two sub-counties within Isiolo County were sampled, based on the number of camels, the intensity of milk production and level of marketing. This is because the study ought to bring out the contribution of camel milk to pastoral households who rely to a great extent on camels and their products. In each sub-county, three sub-locations were randomly sampled to attain a sample size of 202 households, which were drawn from 20 villages. This sample size was determined using the probability proportional to size formula according to Yates and Grundy (1953) .
One survey with retrospective data collection was carried out between August and October 2012 to capture the information on both last wet season (March to May) and last dry season (June to August). A semi-structured questionnaire was used to collect data such as demographic characteristics, camel milk production, camel milk marketing, income sources and amount, household food consumption, and available resources such as land and other livestock species. Focus group discussions (FGDs) and key informant interviews (KIIs) were used to complement the information gathered through the semi-structured questionnaire. Six FGDs and fifteen KIIs were conducted to clarify and give more insights on aspects of camel milk production, consumption and marketing.
Data analysis
The collected data were analysed using the Statistical Package for the Social Sciences (SPSS). Descriptive statistics were used to derive the contribution of camel milk to pastoral household food baskets and incomes during the wet and dry seasons. The results were presented in forms of percentages, frequencies, averages and standard deviations. Further, the t-test was done to determine if there were significant differences between the contribution of camel milk to household food basket and income during the wet and dry seasons. To determine the contribution of camel milk to households' food baskets, the study defined food basket as the calculated price of a set of basic foodstuff, standardised according to the percentage of expenditure on food and average household size (Øyen 1999) . The basic food consumed by a household was used to arrive at different food proportions, which were then multiplied by their current market prices and their share in household food expenditure derived. Finally, these shares were converted to percentages using the total cost of the reported food basket. The items that constitute the pastoral food basket were measured in their respective standard units of measurement. Some of these items were produced and consumed at home and therefore their current market prices were used to obtain their monetary value. The contribution of camel milk to household income was directly derived from the total household income. A household was defined as 'all the people living under one roof and are subject to decisions made by the household head'. A household head is defined as one who owns and controls the major resources, makes critical decisions and provides the basic needs for the household members (Elhadi et al. 2012) .
Results and discussion
Household characteristics of the sampled population Most (80.7%) of the households interviewed were headed by males. The majority (73.3%) of the respondents were aged between 30 and 60 years. The respondents under 30 years made 4.0%, while those over 60 years made 22.8% of the sample. The majority of the respondents (81.2%) had not gone through formal education, while only 1.5% had attained post-secondary education. Education is an important entry point for the empowerment of pastoral communities and therefore plays a key role in sustainable development. In this context, the education level of pastoral households may have a significant importance in identifying and determining the right type of development and extension service approaches. Education influences household income, technology adoption and the socio-economic status of the family as a whole (Ejigu et al. 2009 ).
The average household size of the sampled population was 6, with 3.3 and 3.4 being the average number of females and males, respectively. Household size in the pastoral context is critical as resources for herding labour. These labour resources, among other factors, directly or indirectly determine the level of assets, food and nutrition security of households and consequently the ability to cope with various natural and man-made hazards in the drylands.
All the sampled pastoral households owned the Somali camel breed. The average number of camels owned by a household was found to be 30 (Table 1 ). The number of lactating camels exceeded that of males, with households having an average of 21 females and 3 males, a ratio of 7:1. Although the lactating camels were found to dominate all the household herds, the structure of the herd varied among households, though more than 70% of the households had between 60% and 90% of their camel herds composed of lactating females.
The number of camels in the study area is relatively high compared to that in other pastoral areas in the drylands of Kenya (Noor et al. 2012) . This is an indication of how important the camels are to pastoral households in the study area. Similar to other pastoral areas such as Moyale (Farah et al. 2004) , the proportion of lactating camels kept is higher than that of male camels. This suggests that the main reason for keeping the camels is milk production. Generally, the lactation period of camels in the study area is reported to be between three and five seasons which accounts for about six to fifteen months, largely depending on the availability of feed and water (Musinga et al. 2008) . Though camels give milk even during the dry seasons, there are peaks associated either with their physiological state (the first week after birth) or season. They produce more milk in their early part of lactation than towards the end of the period. They also produce more milk during the wet than the dry season.
Contribution of camel milk to household food baskets
The food basket of the respondents was measured in terms of the total expenditure on food items based on the average household size and the local market prices for purchased commodities. For those items which were produced and consumed at home, the equivalent of the local market prices was used to obtain their monetary value. Therefore, the contribution of each item was measured in terms of the share in the daily household expenditure. The basic pastoral household food basket in the study area consists of livestock products, grain and grain products, vegetables and sugar. The pattern of food consumption items is shown in Table 2 . The average daily cost of the reported pastoral household food basket was KSh 721.11 (equivalent to 8.48 US dollars at 1:85 exchange rate), based on the average household size of the sampled population. This was mostly spent on livestock-related foodstuffs, namely meat and milk items. The proportion of households who consumed each reported item was varied. For example, while sugar, oil and cow milk were consumed by almost the entire sampled population, the level of consumption was 30.2%, 32.2% and 30.7% for cow, goat and camel meat, respectively. Camel milk was consumed by 60.9% of the sampled population. This therefore shows that milk is one of the most important contributors to the pastoral household food basket. Similarly, the expenditure on the reported foodstuffs varied among the interviewed households. Most households tended to spend more on essential and relatively cheap foods such as milk.
Livestock products contributed 84.5% of the pastoral household food basket as measured in terms of daily household expenditure. Camel meat had the highest contribution (24.6%) followed by camel milk (20.4%). Goat meat, cow meat, sugar and maize meal also contributed 17.6%, 14.7%, 5.4% and 4.5%, respectively. Oil and vegetables had the least contribution to the food basket of the sampled population. Table 3 presents the pastoral household food basket during the wet and dry seasons. The average daily expenditure on the pastoral household food basket during the wet season was KSh 763, and during the dry season, it was KSh 674 (equivalent to 9 and 7.9 US dollars, respectively).
The quantities of different types of foodstuff consumed varied between the wet and dry seasons. During the wet season, the average quantities of milk consumed per average household was 1.6 and 2 L for cow milk and camel milk, respectively. The average quantity of meat products also varied in the wet season, with 0.5 kg of cow meat, 0.4 kg of goat meat and 0.6 kg of camel meat.
During the dry season, households reported a decrease in cow milk consumption (0.5 L) and an increase in camel milk consumption (2.5 L). Meat products showed a decrease in the quantity consumed during the dry season, with 0.2, 0.3 and 0.5 kg for cow, goat and camel meat, respectively. The average quantities of nonlivestock products such as maize meal, vegetables, oil, rice, spaghetti and sugar remained the same during the wet and dry seasons.
Livestock products had the highest overall contribution to household daily expenditure in both the wet and dry seasons, with 61.1% during the wet season and 88.2% during the dry season. During the wet season, camel meat had the highest contribution (23.4%) followed by cow meat (18.8%) and goat meat (17.4%). Milk products had the least contribution among livestock-related products, with 14.4% and 10.4% for camel milk and cow milk, respectively. Rice, spaghetti and vegetables had the least contribution to the household food basket during the wet season, at 1.4%, 1.4% and 0.8%, respectively.
During the dry season, the contribution of different foodstuff to the pastoral household food basket changed dramatically, with a general trend of increasing the contribution of livestock products and decreasing that of non-livestock products. This increase is mostly associated with an increase in the relative prices of livestock products during the dry season, as a direct result of less forage and water, which constitute the main input for any given livestock production. Camel milk had the highest contribution (28.2%) followed by camel meat (25.8%) and goat meat (17.6%). Cow meat and milk contributed 9.2% and 3.9%, respectively. The contribution of maize meal was 4.2%, that of sugar 5.7%, and that of rice 1.2% of the food basket. The contribution of camel milk increased significantly (P ≤ 0.05) during the dry season. The decrease in the average daily expenditure during the dry season is an indication that pastoral households have less to spend on food during the dry spells and therefore consume less. This is possibly a result of less income generated from sales of animals (mostly small stock) and other livelihood activities. For instance, the consumption of non-livestock products drops during the dry season by about 75%. However, the overall food consumption, measured in terms of average quantities consumed per average household size, only drops by about 20%; this is because the contribution of livestock products increases during the dry season. Camel milk has an important contribution to the household food basket in the dry season, and thus without the milk, food consumption would drop by about 30% during the dry season. On the other hand, the expenditure on nonlivestock products (mostly purchased food items) remains almost identical in the dry season. However, the high prices of livestock products during this period force pastoral households to buy and consume less food using the same amount of money. Basically, products from household livestock enable households to compensate for the higher prices of non-livestock foodstuff in the dry season that would otherwise cut their consumption by about 75%. The high prices in the dry season are mostly associated with the general scarcity of forage and water. This leads, for instance, to less milk production and thus higher demand, which pushes prices upwards. For the majority of pastoralists in the study area, preference is given to livestock product offtake rather than consumption.
The variation in the contribution and availability of food items to pastoral household food baskets in relation to seasons can be explained by the fact that the availability of food in pastoral areas is highly affected by seasonal fluctuations. This mostly subjects pastoralists to seasonal and long-term shifts in terms of trade between the main local commodities of live animals, dairy products and food grains. This might result in a food supply gap, particularly during prolonged dry seasons and drought, whereby the animals fail to produce enough products for domestic use as well as for exchange. Thus, food insecurity and malnutrition become inevitable. Our study found that during the dry season, camel milk contributed significantly to the household food basket compared to the wet season. This confirms the study's hypothesis that camel milk indeed contributes significantly to the household food baskets in the drylands of Kenya where camels are commonly raised, playing a vital role in the pastoral diet, particularly during the dry season. This finding is similar to that of Emukule et al. (2011) who reported that camel milk contributed more than 50% of the nutrient intake of the pastoralists in northern Kenya. This can be further explained by the fact that camels are least affected by dry conditions, compared to other livestock species in the same pastoral production system.
Under prolonged dry season and drought conditions, the productivity and performance of most animals are significantly affected by the lack of water and feed resources. Most of the time, cattle are most adversely affected compared to camels, although cattle are the main livestock species in most pastoral production systems in Kenya. This is evident from many studies that have compared the effect of drought and prolonged dry season across all livestock species that constitute the pastoral production system (Faye et al. 2012; Schwartz et al. 1992; Farah et al. 2004; Mehari et al. 2007; Serna 2011) . The camel has the ability to withstand harsh climatic conditions with the ability to cope with shortage of water and feed during prolonged dry seasons. Despite these adverse conditions, camels have the ability to supply pastoral households with milk during such periods. Hunger among pastoral households in the study area is mostly associated with the dry season. This results from different interrelated factors, including the deteriorated condition of livestock due to scarcity of water and pasture (Witsenburg and Adano 2009) . During the dry season, milk production, which forms an essential component of the pastoral household diet in the wet seasons, is drastically reduced (Ilatsia et al. 2007 ). It has been observed, especially among pastoralists, that when access to milk is reduced, acute malnutrition rates tend to increase, but decline when access to milk is increased (Sadler et al. 2009 ).
The contribution of camel milk to household food baskets and thus food security, particularly in the arid and semi-arid areas of Kenya, is now evident. It is therefore critical to examine the patterns of camel milk consumption among pastoral households. This information is particularly useful for key stakeholders involved in the production, processing and marketing of camel milk. Figure 1 shows the frequency and forms of camel milk usage at the household level across the sampled population.
Across the sampled population, the most common frequency of camel milk consumption was twice per day (49%) followed by three times a day (35.7%). Camel milk is traditionally consumed raw by pastoralists. Most of the households consumed the milk when fresh, even though there were some variations among households. For instance, the majority of the households consume camel milk either in tea or with grain. Similar results were reported by Sato (1997) who observed that most communities in Isiolo District consumed camel milk in raw and fresh form, with more than 50% consuming it twice a day. Akweya et al. (2012) reported that more that 75% of the households in Garissa District use camel milk in their raw form and that more than 60% consumed the milk twice a day. The frequency and forms of camel milk consumption suggest that it plays an essential role in pastoral household daily nutritional intake. This finding, coupled with the significant contribution of camel milk to pastoral household food baskets, shows that camel milk has the potential of providing a reliable input to food security and a resilient pastoral production system in the drylands of Kenya.
Contribution of camel milk to household income
Livestock-related activities collectively emerged to be the major contributor to household income, among 67.9% of the respondents. Sale of camel milk was the highest (38.7%) contributor followed by sale of live animals (27.6%) and petty trade (14.4%). The contribution of casual labour, sale of charcoal and salary from formal employment was 7.4%, 7.2% and 3.2%, respectively. Sale of cow milk had the least contribution with 1.6% (Table 4) . Camel milk has a significant contribution (P ≤ 0.05) to household income during both the wet and dry seasons, by 40.9% and 35.7%, respectively. This was followed by live animals, mostly goats and sheep, in both the wet season (32%) and the dry season (21.5%). Petty trade was the third contributor in both seasons. Other activities include sale of charcoal, casual labour and formal employment.
The dominant contribution of livestock-related livelihood activities to household income across seasons implies that pastoral households continue to produce different livestock products throughout the year despite water stress and pasture scarcity, which are the main inputs to the pastoral production system. This finding is contrary to that of Elhadi et al. (2012) who observed that during the dry season in the semi-arid areas of Baringo District of Kenya, the contribution of livestock to total household income is dramatically reduced compared to the wet season. The Baringo households engage more in off-farm activities. This contrast may be explained by the fact that in Isiolo County, household herds are mainly composed of camels, with a few small stock and cattle. Such a herd species composition has the ability to produce milk throughout the year, therefore contributing significantly to pastoral household income, irrespective of the season. This is particularly because camel milk production is less affected by seasonal fluctuations and, unlike other livestock species, output is less suppressed by lack of water and pasture.
In northern Kenya, the important roles of camel milk have long been recognised, since camel milk sales have been shown to exceed other income sources (Noor et al. 2012) . Thus, sale of camel milk is not only a way of disposing of surpluses during the wet season, but also an integral process through which households obtain the necessary means for purchasing other essential food items, especially during the dry season. This is similar to the finding of Anderson et al. (2012) in Kenya, who reported an increase in camel milk sales during the dry season compared to the wet season. Further, it was observed during data collection that most camel milk sale activities were managed by women. This has a significant advantage within the pastoral family, since the income obtained will mostly be spent on food-related items, whereas if this income was managed by men, their expenditures may be concentrated on other nonfood-related items. A similar observation was made by Fratkin and Smith (1995) , who reported that any increase in women's income may have a beneficial effect on the nutrition and well-being of their families.
The high contribution of camel milk to household income, compared to off-farm activities, can further be explained by the behaviour of households who live near market centres. Most of these households engage in milk trading and are, therefore, less dependent on off-farm activities. The close proximity of households to market centres leads them to selling available animal products rather than searching for other off-farm activities. As reported by Seifu (2011) , living near a town has encouraged pastoralists to participate more in the camel milk value chain; in most camel-owning households, camel milk sales dominate in their total cash income. Although most traditional camel keepers are rearing camels for subsistence, many non-traditional camel keepers are moving into the camel milk business as it offers an opportunity for sustainable income throughout the year. This indicates the potential of commoditisation of camel milk as a promising pathway out of poverty and food insecurity in the drylands.
Conclusion
The contribution of camel milk to household food intake is significant during the dry season. Similarly, camel milk contributes significantly to pastoral household income during both the wet and dry seasons. In the context of recurrent drought, and diminishing grazing and water resources, rearing camels can therefore provide a viable supplement to sustainable pastoral household livelihood. Based on these findings, there is a need to invest in the camel milk subsector by creating an enabling environment to enhance milk production and marketing. Furthermore, interventions that target the improvement of pastoral livelihoods should consider the promotion of camel milk production as a suitable strategy for building pastoral household resilience.
